Introduction: Non-enzymatic protein glycosylation in diabetic patients leads to stiffening of collagen-containing tissues affecting joint mobility. Motor dysfunction in diabetic patients can be detected as muscle weakness or atrophy.
Introduction
Diabetes mellitus (DM), or diabetes is the global epidemic of the 21 st century and it is now the fourth leading cause of death in most developed countries. 1 Diabetes complications in the lower extremities are a major cause of morbidity, disability, emotional and physical suffering in people with DM 2 generating at the same time huge economic costs for patients, their families and the entire society. 3 Non-enzymatic glycosylation of the protein caused by long standing hyperglycemic state during longer DM duration leads to stiffening of collagen containing tissues, 4, 5, 6 which reflects joint structure decreasing elasticity of cartilage, ligaments, and joint capsule. [5] [6] [7] A key factor of the tissue damage in patients with DM is gradually and excessive accumulation of advanced glycation end products (AGEs) that produce abnormal covalent cross-links within collagen fibers and other proteins. The most extensive accumulation of AGEs occurs in tissues with low turnover such as cartilage, bone and tendons. Once formed, AGEs can be decomposed only when the protein they are incorporated into is degraded. 8 Limited joint mobility (LJM) at ankle joint (AJ), subtalar joint (SJ) and first metatarsophalangeal joint (MTP) results in high focal plantar pressures with increased ulceration risk in patients with neuropathy. 4 LJM is often overlooked because it causes small disablement and is thought to have less significant clinical consequences. Determination of the foot and ankle joint mobility is a simple and rather exact test to identify diabetic patients with an at-risk foot and, might be useful as a screening tool in diabetic patients to identify those with an at-risk foot because of its price and simplicity. 6, 9 Motor dysfunction in patients with DM can be detected as muscle weakness as well as atrophy of muscular tissue. It is usually found distally in the extremities, primarily in the lower extremities and is believed to be caused by diabetes neuropathy (DN). 10 Muscle atrophy is closely related to severity of DN. Since DN shows a centripetal pattern of progression, quantification of the more distally situated foot muscles could possibly serve as an early marker for motor dysfunction in DN. 11 Although muscular weakness has an important role in losing independence and impairing the quality of life, it represents neglected complication of long-term DM. 12 Muscle strength reduction is most commonly associated with the presence of DN, 10, 13, 14 but studies have shown the existence of muscular weakness in patients without neuropathy, suggesting the existence of other mechanisms that affect it. 7 The association among ROM, muscle strength and function loss can lead to altered foot rollover during gait, as their integrity is needed to enable proper load absorption. 5 Elevated plantar pressure coupled with a longer period of time spent in support phase in DN patients contributes to the susceptibility for skin damage through a prolonged mechanical load on tissue leading to skin breakdown and ulceration. 15 Keeping in mind serious consequences that complications of DM in the lower extremities make on a personal and social level, inevitably raises the question what can be done to reduce their rate and severity. The implementation of strategies that include education, multidisciplinary treatment of foot ulcers and close monitoring, can reduce the rate of diabetic amputations between 49% and 85%. 4, [16] [17] [18] Proper metabolic control of both types of DM may delay the onset and progression of diabetic complications. 19 
Objective
To determine the presence of the foot and ankle muscles weakness and limited joint mobility at the AJ, SJ and first MTP in people with diabetes and to determine the impact of the diabetes duration on those changes.
Patients and Methods
A cross-sectional study was conducted among 100 diabetic patients (both type DM) who are registered with family physicians in the "Primary Healthcare Centre Banja Luka" during 2014. The sample was formed in a way that the patients who approached family doctor for a prescription for insulin or oral antidiabetic drugs in 10 family medicine ambulances were over the time successively asked to enter the study. The survey included: the review of medical records, history-taking, measurement and testing. The study was approved by the local ethics committee and informed consent was obtained from patients.
Medical records were source of personal data, data on DM -type, therapy and HbA1c value not older than 6 months. History-taking data were entered in the anamnestic list, and include information about duration and treatment of DM. 20, 21 The clinical examinations of muscles and joints were performed routinely by the same examiner.
Muscle function of the foot and ankle muscles has been evaluated by manual muscle testing (MMT) on the dominant leg. MMT means assessing ability of the muscle to produce active movement against the examiner's resistance. Muscle strength (i.e., weakness) was scored using a semiquantitative grading system that was based on the scoring system as used in the Michigan Diabetic Neuropathy Score. 5, 22, 23 Muscle weakness was scored as 0 for normal muscle strength, 1 for mild, 2 for severe weakness, and 3 for complete loss of strength.
A muscle score (MS) was, therefore, obtained for each set of muscles examined. Higher values for this score represented increased muscle weakness. 22, 24 In the positions described for manually clinical assessment 25 the function of the following muscles was evaluated: triceps surae, tibialis anterior, interosseus, lumbrical, flexor hallucis brevis, extensor digitorum brevis, extensor digitorum longus, flexor digitorum brevis, extesnosor hallucis longus and extensor hallucis brevis. 5 Joint mobility at the AJ, SJ and first MTP was measured with a goniometer on the dominant lower limb. At the AJ range of motion (ROM) was measured with the patient supine and goniometer set with immobile prong in line with calf, mobile prong in line with external edge of the foot and center of goniometer above the joint center. The maximum range of active talar flexion and extension was measured and the sum of the values was recorded as ROM at the AJ. At the SJ ROM was measured with the patient pronate; a vertical line was marked on the patient's skin from heel to midcalf; goniometer set with immobile prong in line with the line on the calf, mobile prong in line with the line on the heel and center of goniometer above the joint center; the maximum range of calcaneal active inversion and eversion were measured with a goniometer and the sum of the values was recorded as ROM at the SJ. At the first MTP range of active extension to plantar flexion was measured with the patient in the supine position; horizontal line was drawn from the first toe to the heel in line with medial edge of the foot; goniometer center set above the joint center, immobile prong in line with proximal part of drawn line and mobile prong in line with the distal part of the line; the sum of maximal extension and flexion was recorded as ROM at first MTP joint. 26, 27 As a reference value of ROM is considered a sum of the minimal normal values of the movement amplitude cited in relevant literature. 28 The statistical analyses were done using the software package "IBM SPSS Statistics". To test the statistical significance between variables the ANOVA and the Student's t test were applied. The cut off for the results significance was p<0.05.
Results
There were more women (53%) than men (47%) in the study group. The average age of the patients was 61.91± 10.74 years. The majority of patients (94%) had DM type 2 while type 1 DM had 6% of them. The average duration of diabetes was 12.25± 8.60 years. In the study group 86% of patients had HbA1C test result not older than 6 months, while 14% of patients did not have it. The average value of HbA1C in the study group was 7.85%±1.73. The even number of patients was treated with insulin and oral antidiabetic drugs (46% each), and combined oral and parenteral therapy had 8% of the patients. The average muscle strength of the foot and ankle muscles expressed by MS was 11.56±5.08. The duration of the DM and muscle strength were not significantly correlated (r =1.41, p = .160).
Relation between the muscle strength and duration of the DM is shown in Chart 1. The muscle strength was below the average value in patients with a duration of DM more than 11 years, whereas the muscle strength was above average or closely average value in patients with a duration of DM below ten years. With the increased duration of the DM muscle strength tends to decrease, but this difference was not statistically significant (F=0.583, p=677). Study results of the ROM at AJ, SJ and I MTP in patients with DM are shown in Table 1 . 
AT -ankle joint, SJ -subtalar joint, I MTP -first metatarsophalangeal joint;
The average ROM at AJ was 47.85° and was statistically significantly decreased compared to the reference value that is 65° (t =-15.378, P=000). The average ROM at SJ measured in examined patients was 35.10° and it was statistically significantly decreased compared to the reference value that is 50° (t =-15.378, P =000). The average ROM at the first MTP joint in the study group was 72.70 ° and it was statistically significantly decreased compared to the reference value that is 120° (t =-15.378, P=000). The duration of diabetes has not influenced significantly the mobility at the AJ (F=0.8008, p=0.5276), the SJ (F=0.8965, p=0.4693) and the first MTP joint (F=0.6942, p=0.5977) as shown in Chart 2.
Chart 2. The influence of the diabetes duration on the range of motion at ankle joint, subtalar joint and first metatarsophalangeal joint in diabetic patients (n=100)
AT -ankle joint, SJ -subtalar joint, I MTP -first metatarsophalangeal joint.

Discussion
Muscle function of the foot and ankle muscles in this study has been evaluated in ten muscles applying the scoring system as used in the Michigan Diabetic Neuropathy Score. Mean MS of evaluated muscles was 11,56 and represents mild muscle weakness in the study group. Only 13% of patients had preserved muscle strength, 23% of patients had severe muscle weakness, none of them had complete loss of strength, while the most of patients (64%) had mild muscle weakness. Data from this study are consistent with the results of research that has been done by Andersen10 , that have confirmed the existence of a decrease in muscle strength in people with DM, especially in the region of ankle and knee. Van Shie stated that more than 40% of patients with DM had a decreased muscle strength. 22 Muscle quality (power per muscle mass unit) is lower in patients with DM, particularly with the longer duration and poorer control of the disease. Decrease in muscle strength has been found even in people who had impaired glucose tolerance. 10 Ijzerman led the study on the impact of DM and DN on muscle strength, mobility and quality of life. The results of the study shown that DM affects the reduction of muscle strength by 30-50% in the upper and lower extremities, and that loss of strength and decreased mobility reinforce each other by reducing individual, and in particular associated quality of life of patients with diabetes. 30 Loss of muscle strength is an expected consequence of motor nerves damage as a part of neuropathy, while DM affects strength loss by some other factors such as the abnormality of intrinsic muscle, damage in capillary flow, peripheral arterial disease and damage to myofascial structure due to hyperglycemia. 12, 29 Balducci has found that the loss of muscle strength is related to the appearance of DN, but also to the other microvascular and macrovascular complications, and the loss of muscle strength in patients with DM is affected by poor transport of blood after the contraction that occurs as a result of damage to the autonomic nerve fibers. 12 Greenman has proven that diabetic patients had diminished oxygen supply to the muscle cells and decreased muscle energy reserves as a result of changes in the microcirculation. He has also found that muscles atrophy in the diabetic foot already existed during the subclinical stage of DN, even before the development of clinical signs of disease. 31 Sawacha demonstrated the presence of changes in the electrical activity of the muscles in the patient with DM which could not be correlated with the presence of DN. 32 Identified early changes in the muscles of patients with DM, but also the all other changes of musculoskeletal system, indicate the need for planning and implementing prevention and rehabilitation programs aimed at reducing all consequences of DM, not only DN. 32, 33 Studies on ROM at AJ, SJ and first MTP joint shown that those three joints were reliable mobility measurement locations. 34 The average values of the ROM at AJ, SJ and first MTP joint in the study group were significantly lower than the reference value of ROM in these joints. Data obtained by conducted study are in compliance with data from the other studies. [35] [36] [37] [38] Golsdmith found that the LJM can be found in up to 30% of children with DM type 1, and in up to 45% of adult patients with DM type 2. 37 Somai states that between 30% and 40% of the patients with DM have LJM. 39 Giacomozzi confirmed the existence of LJM in all directions at the AJ and SJ in patients with DM explaining it by changes in the structure that reduce the elasticity of the cartilage and joint capsules. 7 Muelle have found a significant difference in the ROM at AJ and SJ in patients with diabetic ulcer compared with the control group without DM. 35 Rao has confirmed the existence of limited passive dorsiflexion and elasticity at the AJ which it is considered as key factor of the increased plantar pressure in patients with DM. 40 This study did not confirm the influence of the duration of DM to the RAM at AJ, SJ and first MTP joint. The development of the LJM is complex and multifactorial, caused by the changes in anatomical structures involving the skin, subcutaneous tissue, muscle, joint capsules, tendons, ligaments and the bone components. 35, 39 Accumulation of AGEs due to hyperglycemia is one of the most important factors of the tissue damage in patients with DM. 8, 41 The main mechanical effect of AGEs is loss of viscoelasticity of the tissue that occurs due to damaged fiber sliding at the level of extracellular matrix which has potentially important implications for the tissue damage accumulation, mechanically regulated cellular signals and the matrix remodeling. 42 The tissues damage in diabetic patients causes the alterations in the segmental mobility and affects foot rollover process. 5, 6, 43 The reduced ankle ROM may interfere in the foot adaptation to changes in foot-floor interaction. Foot rollover process is dependent on the proper mobility of ankle and foot joint to ensure adequate contact of the plantar regions in a progressive temporal order from the heel to the metatarsal heads and hallux during the load phase. The alterations in the foot rollover process will lead to an alterations of loads distribution over the plantar surface and predispose it for ulcer development. 44 Prolonged hyperglycemia causes other structural changes such as the skin thickening, atrophy and impaired muscle activation affecting additionally the physiological gait mechanism. 45 The goals of physiotherapy in patients with DM are prevention of complications, decrease the effects of immobilization, maintenance of functional capacity and minimizing the presence of the complication. 46 Physiotherapy moderately changes the rollover process of the foot toward the physiological movement in patients with DM and at the same time improves the distribution of a dynamic pressure, torque of the ankle extensors and functionality of the foot and ankle muscles. Specific gait and balance training in combination with functionally oriented strengthening may improve gait and balance, muscle strength, and increase the mobility of joints in patients with DM. 45, 47, 48 Physical therapy may improve the mobility of ankle and foot joints and thus be useful in the prevention of diabetic ulcer that need to be proven by further research.
Conclusion
Patients with diabetes have decreased foot and ankle muscle strength, and the duration of the diabetes does not correlate significantly to the muscular strength. In patients with DM, the average values of the range of motion at ankle, subtalar joint and first metatarsophalangeal joint are significantly lower compared to the reference value while the duration of diabetes does not correlate significantly with the mobility of the foot and ankle joints.
